Spectral properties of XRBs in dusty early-type galaxies 
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(N ■ Abstract 

We present spectral properties of a total of 996 discrete X-ray sources resolved in a sample 
of 23 dusty early- type galaxies selected from different environments. The combined X-ray 
luminosity function of all the 996 sources within the optical D25 of the sample galaxies is 
well described by a broken power law with a break at 2.71 xlO 38 erg s" 1 and is close to 
t \ the Eddington limit for a 1AM & neutron star. Out of the 996, about 63% of the sources 

^p Hi have their X-ray luminosities in the range between fewxl0 37 to 2.0 xl0 39 erg s _1 and are like 

2 I normal LMXBs; about 15-20% with luminosities < few xlO 37 erg s _1 are either super- 

soft or very-soft sources; while the remainder represents ULXs, HMXBs or unrelated heavily 
absorbed harder sources. More XRBs have been detected in the galaxies from isolated regions 
while those from rich groups and clusters host very few sources. The X-ray color-color plot for 
. these sources has enabled us to classify them as SNRs, LMXBs, HMXBs and heavily absorbed 



AGNs. The composite X-ray spectra of the resolved sources within D25 region of each of the 

m 

galaxies are best represented by a power law with the average photon spectral index close to 



1.65. The contribution of the resolved sources to the total X-ray luminosity of their host is 
found to vary greatly, in the sense that, in galaxies like NGC 3379 the XRB contribution is 
about 81% while for NGC 5846 it is only 2%. A correlation has been evidenced between the 
cumulative X-ray luminosity of the resolved sources against the star formation rate and the 
Ks band luminosity of the target galaxies indicating their primordial origin. 
Keywords: galaxies: elliptical and lenticular, cD - X-rays: binaries - X-rays: galaxies 

1. Introduction 

The X-ray emission from early-type galaxies (ETGs; ellipticals and lenticulars) has been 
subject of investigations and theoretical modeling ever since their detection for the first time 
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with the Einstein telescope ((jjj). It is now well established that X-rays from these galaxies 
partly originates from hot interstellar medium (ISM) and partly from a population of X-ray 
binaries (XRBs; see e.g. reviews by Q]), with the latter component being more important 
for the case of X-ray faint early-type galaxies ( [sjj ) . An XRB contains either a neutron star 
(NS) or a black hole (BH) accreting material from a companion star. Regardless the nature 
of the compact object, depending on the mass of the donor star, XRBs come in two basic 
flavors: the high-mass X-ray binaries (HMXBs) and the low-mass X-ray binaries (LMXBs). 
HMXBs are predominantly powered by the stellar winds from a young massive O or B star 
and are mostly found in late-type galaxies. LMXBs are the long lived systems in which 
a Roche Lobe overflowing low mass (~ IMq) star is supplying material to the compact 
accreting object. As early- type galaxies are dominated by the old stellar populations (with 
age > 1 Gyr), the majority of the X-ray sources in these systems are believed to be LMXBs 
rather than short lived (~ 10 7 yr) high-mass objects. Thus, the population of HMXBs scales 
with the star-formation rate ( 191), while that of the LMXBs scales with the stellar content 

n 

of the host galaxies ([16]). 

Traditionally, ETGs were regarded as simple structures, devoid of gas and dust. However, 
the classical notion of being dry, passively evolving systems have amply changed with the 
employment of both ground and space-based telescopes across the electromagnetic spectrum. 



Extensive studies conducted on the content of ISM in early-type galaxies using the mu 



ti- 



wavelen gth data have established that the ETGs hosts complex, multi-phase ISM (e.g. l|, 
M,W, d,bAW,bJ]). In particular, about 50-80% of the ETGs are known to host dust 

n n n n 

in a variety of morphological forms (see e.g. [18|], [36J, [lOJ, [9J). Further, past studies have 
also demonstrated that dust in these galaxies is having external origin i.e., accreted by the 
system e ither ttough o, merger l ik e eve» t (Q, Q, U, Q, Q). Given th e 

external origin of the dust, investigation of populations of XRBs in dusty ETGs are important 
to constrain the formation scenario of this class of galaxies. Therefore, a systematic study 
of properties of discrete sources in a relatively larger sample of dusty early-type galaxies is 
called for. 

We have an ongoing program of examining the association of multi-phase ISM in a sam- 
ple of dusty early type galaxies (D-ETGs) selected from different environments i.e, isolated 
regions, fields, groups and clusters. Analysis of high resolution multi- wavelength data on 
these galaxies has confirmed the spatial correspondence between the dust and the ionized gas 
in a large fraction of galaxies and in some cases with the X-ray emitting region too, point- 
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Table 1: Global parameters of the program galaxies 



Sr. 


Obj. 


Morph. 


z 


Mag 


Obs-ID 


Exp. 


GTI 


Environment 


No. 










(M s ) 




(ks) 


(ks) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


1 


NGC 


1395 


E2 


0.00573 


10.97 


799 


28 


22 


BGG 


2 


NGC 


1399 


El 


0.00475 


10.00 


240 


44 


43 


BCG 


3 


NGC 


1404 


El 


0.00649 


10.95 


2942 


30 


29 


CG 


4 


NGC 


1407 


E0 


0.00593 


10.7 


791 


49 


44.4 


CG 


5 


NGC 


2768 


SO 


0.00458 


10.84 


9528 


65 


64 


FG 


6 


NGC 


3377 


E5-6 


0.00222 


11.24 


2934 


40 


39.5 


GG 


7 


NGC 


3379 


El 


0.00304 


10.24 


1587 


32 


30.9 


FG 


8 


NGC 


3585 


E7/S0 


0.00478 


10.88 


9506 


60 


59 


GG 


9 


NGC 


3607 


SA(s)0 


0.0032 


10.82 


2073 


39 


38.4 


BGG 


10 


NGC 


3801 


SO/a 


0.0111 


12.96 


6843 


60 


58.2 


CG 


11 


NGC 


3923 


E7/S0 


0.00580 


10.88 


1563 


22 


15.60 


BGG 


12 


NGC 


4125 


E6 


0.00452 


10.65 


2071 


65 


62 


BGG 


13 


NGC 


4278 


El-2 


0.00217 


11.20 


7081 


111 


110 


GG 


14 


NGC 


4365 


E3 


0.00415 


10.52 


2015 


41 


40.4 


CG 


15 


NGC 


4374 


El 


0.00354 


10.09 


803 


29 


27.8 


CG 


16 


NGC 


4473 


E5 


0.00749 


11.16 


4688 


30 


29.4 


CG 


17 


NGC 


4494 


El-2 


0.00448 


10.71 


2079 


25 


22 


GG 


18 


NGC 


4552 


E 


0.00113 


10.73 


2072 


55 


53.7 


CG 


19 


NGC 


4649 


E2 


0.00373 


9.81 


8182 


53 


48.8 


CG 


20 


NGC 


4697 


E6 


0.00414 


10.14 


784 


40 


38 


BGG 


21 


NGC 


5813 


El-2 


0.00658 


11.45 


9517 


99 


98.1 


BGG 


22 


NGC 


5846 


E0-1 


0.00572 


11.05 


788 


30 


23 


BGG 


23 


NGC 


5866 


S0 3 


0.00224 


10.74 


2879 


34 


29.7 


BGG 



Notes: col. 2 - galaxy identification; col. 3 - morphological type; col. 4 - redshift; col. 5 - absolute magnitude in 
B band; col. 6 - Chandra observation identification number; Col. 7 - exposure time; Col. 8 - good time 
interval (GTI) after light curve filtering; & Col. 9 - environments of the target galaxies; where GG: member 
of the group, FG: Field galaxy, CG: member of cluster, LG: member of loose group, BGG: brightest galaxy 
in the group, BCG: brightest cluster galaxy. 
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ing towards their common origin ([43!], [34|]). During this study we found that the D-ETGs 
also host a significant number of discrete sources whose populations and characteristics are 
believed to vary as a function of environment of the host galaxy. This paper presents a sys- 
tematic study of the spectral properties of discrete sources detected within the D25 (isophote 



this, an attempt is also made to classify these sources on the basis of their X-ray colors and 
also to disentangle their contribution to the total X-ray luminosity of the host. This paper 
is structured as follows: Section 2 describes the sample selection, X-ray observations and 
the steps involved in the data preparation. Results derived from this analysis are presented 
in Section 3, whereas Section 4 discusses some of the important results. All the distance 
dependent estimates are based on the Ho = 70 km s _1 Mpc -1 . 

2. Observations and Data Preparation 

We have constructed a heterogeneous sample of 23 nearby early-type galaxies on the 
basis of their "dustyness". Care was taken that the objects represent different environmental 
conditions i.e., isolated regions, groups and clusters. Here, we considered the objects with 
radial velocities < 5000 km/s that were observed for at least about 20 ks by the Chandra 
telescope. The global properties of the target galaxies along with details of their Chandra 
observations are given in Table [TJ Most of the target galaxies selected for the present study 
were observed with the ACIS-S detector, except for NGC 1395 and NGC 3607 where ACIS-I 
was employed. 

The data products on the target galaxies were uniformly processed using the Chandra In- 
teractive Analysis of Observations software package (CIAO) v4.2.0 and the latest calibration 
files provided by the Chandra X-ray data Centre (CALDB v4.3.1). Periods of high back- 
ground count rates were identified by examining the light curves constructed after extracting 
X-ray photons from the outer regions of the ACIS chip and were filtered out using the 3a 
clipping algorithm Icsigma-clip available within CIAO. The resultant good time intervals 
(GTI) for each of the target galaxies are given in column 8 of Table [TJ These light curve 
filtered event files were then used for the further analysis. 

Point sources present within the optical D25 ellipse of each of the target galaxy were 
detected using a wavelet source detection algorithm wavdetect adopting a detection threshold 
of 10~ 6 . For this we ran wavdetect on the full-band (0.3-10.0 keV) Chandra images on the 
target galaxies with a "y/2 sequence" of wavelet scale increasing from 1 to 32 pixels. In order 



of the 25.0 B-mag arcsec 



2 brightness level; [5J) 



regions of the sample galaxies. In addition to 
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Figure 1: The combined X-ray luminosity function of all the 996 discrete sources detected within D25 region 
of 23 dusty early-type galaxies. The solid line shows the best-fitted broken power-law showing a break at 
-2.71 xlO 38 erg s" 1 . 

to minimize contamination from unrelated foreground/background sources, we restricted our 
source detection to the D25 ellipse. This analysis enabled us to resolve a total of 996 discrete 
point-like sources in the target galaxies (see Table [2]). After detecting the sources and finding 
their positions, we extracted X-ray counts from circular regions centered on individual sources 
along with their local backgrounds. The background regions were chosen to cover an area at 
least 3 times the source's extraction region. 



3. Results 



3.1. X-ray Luminosity Function 

The X-ray luminosity function (XLF) of the discrete sources is an effective tool for investi- 
gating properties of the populations of XRBs (e.g., [l9]). To study the luminosity distribution 
of the XRBs in E and SO galaxies, XLFs have been extensively obtained for a large number of 

n 



galaxies using Chandra data 



22], 



281] ) . The functional shapes and presence 



of breaks in the XLFs have been examined by fitting theoretical models to them. A broken 
power law with the break at ~ (2 - 5) x 10 38 erg s _1 , analogous to the Eddington luminosity 
of a neutron star accreting binary, are found to well represent the functional shapes of the 
XLFs for population of XRBs in ETGs (e.g., Q, [ll], [28], 44]). 
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H31=(M - S)/(M + S) (H - M)/(S+M+H) 

Figure 2: left panel: X-ray hardness ratio plot (H21 vs. H31) of the 996 discrete sources detected within D25 
ellipses of 23 dusty ETGs from the present sample. Here, H21=(M-S)/(M+S) and H31=(H-S)/(H+S), where 
S, M and H are the X-ray counts in soft (0.3-1.0 keV), medium (1.0-2.0 keV) and hard (2.0-10.0 keV) bands, 
respectively. The 72 sources near (-1, -1) are super-soft or very soft sources, while the 37 sources near (+1, 
+1) may be unrelated background objects, right panel: The modified X-ray color-color plot of all the 996 
sources. This plot is between hard (HC) versus soft color (SC) of the discrete sources (following 38]). X-ray 
hard color is defined as HC = (H - M)/T and X-ray soft color as SC = (M - S)/T where T=(S+M+H). 
The golden triangles are sources from the dusty elliptical galaxies, while red squares are those from the dusty 
lenticular galaxies. The blue curve delineates the power law component of increasing photon index. 

With a view to study the luminosity distribution of the population of discrete sources, we 
derived cumulative X-ray luminosity function (XLF) of all the 996 discrete sources detected 
within D25 of the sample galaxies. Before this, we fitted the cumulative spectra of all the 
sources within a given galaxy and estimated the appropriate energy conversion factors in units 
of erg/counts. Then the count rates derived in the energy range 0.3-10.0 keV for individual 
sources were converted into luminosities assuming that all the sources within a galaxy are 
at the same distance as that of their host. The resultant unabsorbed X-ray luminosities of 
individual sources are found to lie in the range between 1.1 x 10 37 erg s _1 to 7.7 x 10 39 erg 

Figure Q] presents the combined luminosity distribution of all the sources detected within 
D25 of the target galaxies and shows a "knee" in the overall shape. Therefore, we fitted a bro- 
ken power law to the combined LMXB XLF with a break at (2.71 ±0.03) xlO 38 erg s , near 
the Eddington limit of an accreting neutron star and may be related to the transition in the 
XLF between neutron star and black hole binaries (|7[). The best fit parameters determined 
from the maximum-likelihood method, resulted in the negative differential logarithmic slope 
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Figure 3: The X-ray soft (left panel) & hard (right panel) colors of individual sources plotted against their 
luminosities. Both these figures reveal a dearth of the XRBs with Lx> 5xl0 39 erg s _1 . 

values of 0.67+0.08 and 1.47+0.02 before and after the break, respectively. A dearth of very 
luminous sources in the sample galaxies is evident in this figure. Our results are consistent 
with those reported by 24] for fitting the cumulative XLF to LMXBs in 15 elliptical galaxies 
and by [4] in 18 early-type galaxies. Similar results were also reported b y [l(l for four-early 

fi, Q, 3, £], 14], 28], 16], 22]) for point 



type galaxies and by several other authors ([ 
sources detected in individual galaxies. 

3.2. Hardness ratio 

In addition to the conventional method of plotting XLFs, X-ray color plot for the resolved 
sources was found to be a potential way of investigating spectral properties of individual 
sources. The unique spectral color of each class of the XRBs determines its position in the 
X-ray color plot and hence enable us to classify the sources. This technique has an advantage 
that it can be employed even if the counts from individual sources are not sufficient to perform 



the spectra 



fit anc 



have been used extensively for delineating properties of individual sources 



,B>. 



Following the procedure outlined by [40j, we quantified hardness ratios of individual 
sources by extracting source counts in three different energy bands: soft (S, 0.3 - 1.0 keV), 
medium (M, 1.0 - 2.0 keV), and hard (H, 2.0 - 10.0 keV). We then plot H21=(M-S)/(M+S) 
versus H31=(H-S)/(H+S) for all the 996 sources. The resultant color-color diagram is shown 
in Figure [2] (left panel) . From this figure it is apparent that all the sources lie along the 
diagonal band from (H21, H31) = (-0.95, -0.90) to (+1.00, +1.00) with a cluster at about 
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1 H Q, Q, Q, B). 



Among the 



(-0.06, -0.07), consistent with the observations by ( 
996 sources, 72 have their hardness ratios close to (-0.95, -0.90), implying that these sources 
essentially have no counts above 1 keV and most likely are the super-soft or very-soft sources 



( [411] ) . A blackbody spectrum with a temperature of 0.1 keV and Galactic absorption about 
2. Ox 10 20 cm~ 2 would give hardness ratio close to ~ (-0.97, -1.00) ([4llj). There are about 37 
sources whose hardness ratios are close to (+1, +1) and are hardest among all the sources. 
A power-law spectrum with a photon index T~ 1.5 and an absorbing column density of N# 
~ 10 22 cm -2 would give hardness ratio close to ~ (+0.88, +0.92) ([4l|). 

Though the conventional X-ray color plot is a useful tool for studying properties of 
LMXBs, it fails to classify the sources in a statistical sense for studying their populations. To 
gain insight in to the details of the discrete sources, we have derived modified colors following 



the procedure outlined by 38f] . Here, the modified colors are defined as HC = (H-M)/T 
(hard color) and SC = (M-S)/T (soft color), where S, M, H and T are X-ray counts in soft 
(0.3-1.0 keV), medium (1.0-2.0 keV), hard (2.0-10.0 keV) and total (0.3-10.0 keV) bands, re- 
spectively. Figure [2] (right panel) shows the modified X-ray color-color diagram for all the 996 
discrete sources and exhibit significantly different color values for sources of different pop- 
ulations, providing a relatively assumption- free tool for the separation of the sources 
From this figure it is apparent that, about 63% of the sources in the dusty early-type galaxies 
are dominated by the low mass X-ray binaries with their color values lying between -0.4 and 
+0.4 and are identical to those seen in the bulge of the Galaxy. 

This figure shows a population of the soft and very soft sources with soft X-ray color 
between -0.3 to -0.9 and are similar to those seen in the disks of star forming galaxies ([38l]). 
The very-soft sources occupy positions below the thermal SNRs and are found to be associated 
with the star forming regions. As the rate of star formation in these galaxies is very low, 
therefore one expects very few numbers of sources of this kind. In the present study we have 
detected about 20 such soft and very-soft sources in 23 D-ETGs. There are few sources with 
SC=-1.0, essentially having no counts above IkeV, and represent classical super-soft sources. 
This figure also shows few sources with HC > 0.0 with larger flux in harder band and are 
HMXBs. The HMXBs are short lived objects and appear in the active star forming regions 
of late-type galaxies. A handful of sources with SC> +0.40 are also evident in this figure 
and probably represent the heavily absorbed harder sources unrelated to the target galaxies. 

Figure [3] represents the plots between the X-ray soft (left panel) and hard colors (right 
panel) of the sources against their X-ray luminosities. Both these plots confirm the dearth of 
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Figure 4: Environment dependent X-ray color-color plot for all the discrete sources resolved within the target 
galaxies. Different color codes are: BGG: black triangle; GG: red cross; GC: blue-violet filled circle; BCG: 
magenta open circle; FG: gold pentagon. 

high luminosity XRBs with Lx > 5xl0 38 erg s _1 in the dusty early-type galaxies. The larger 
scatter evident in the X-ray colors of the sources with Lx < 2x 10 38 erg s -1 is due to the 
nature of the sources. 

3. 3. Spectral properties of LMXBs in different environments 

As count rates were not enough to perform spectral analysis of individual sources, there- 
fore, we analyzed the combined spectrum of all the sources within a galaxy. For this, a 
cumulative 0.3-10.0 keV spectrum of all the resolved sources was extracted using the CIAO 
task acisspec. We first tried with a two component (MEKAL + bremsstrahlung) model, with 
their normalizations as free parameters. This gave a reasonably good fit for some of the 
objects; however, due to very weak flux in the soft band it gave an upper limit in majority 
of the cases. We then removed the soft component (MEKAL) in the fit. This resulted in the 
fit just as good after including it, implying that the resolved sources have no soft component 
in their spectra. Next, we allowed the absorbing column to vary with a view to see if there 
was evidence of any excess absorption beyond the Galactic column. However, allowing the 
absorbing column to vary does not improve the fit. Therefore, we fixed the hydrogen col- 
umn at the Galactic value and replaced the harder component, thermal bremsstrahlung, by 
a power-law with photon spectral index of T. After including the power-law quality of fit 
was improved, therefore, we adopted this as the best fit model. The best-fitted power-law 
indices for resolved sources in individual galaxies along with their combined luminosities and 
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Table 2: Spectral properties of the discrete sources 



Obj. 


No. of srcs. 


N H 


r 


Lxrbs 




XRBs contri. 


X 2 /dof 






(10 2() cm- 2 ) 




(10 40 crg s- 1 ) 


(10 40 crg s- 1 ) 


(%) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


NGC 1395 


24 


1.66 


1.84±0.14 


1.46±0.14 


5.45 


26.79 


22.06/23 = 0.96 


NGC 1399 


22 


1.50 


1.97±0.12 


1.07±0.17 


10.08 


10.62 


7.35/9 = 0.82 


NGC 1404 


18 


1.50 


1.10±0.12 


1.24±0.14 


21.18 


5.85 


25/20 = 1.25 


NGC 1407 


66 


5.40 


1.51±0.06 


2.57±0.17 


12.68 


20.27 


97.15/76 = 1.27 


NGC 2768 


45 


4.13 


1.46±0.06 


0.97±0.05 


1.77 


54.8 


59.40/76 = 0.78 


NGC 3377 


22 


2.86 


1.49±0.11 


0.14±0.01 


— 


— 


39.27/38 1.03 


NGC 3379 


43 


2.91 


1.74±0.09 


0.39±0.02 


0.48 


81.25 


36.37/33=1.10 


NGC 3585 


31 


5.32 


1.57±0.09 


0.71±0.04 


1.02 


69.61 


39.85/46 = 0.86 


NGC 3607 


10 


1.36 


1.46±0.27 


0.16±0.02 


— 


— 


30.02/24= 1.25 


NGC 3801 


06 


1.97 


1.69±0.37 


0.24±0.04 


2.69 


8.92 


8.05/9 = 0.90 


NGC 3923 


18 


6.26 


1.70±0.09 


2.51±0.14 


8.66 


28.98 


43.09/32 = 1.32 


NGC 4125 


33 


1.74 


1.78±0.06 


1.04±0.05 


2.72 


38.24 


73.41/85 = 0.86 


NGC 4278 


104 


2.07 


1.44±0.04 


0.31±0.01 


0.81 


38.27 


70.72/80=0.88 


NGC 4365 


97 


1.70 


1.58±0.06 


1.28±0.07 






87.45/81 = 1.08 


NGC 4374 


51 


2.99 


1.87±0.05 


1.58±0.06 


8.49 


18.61 


125.76/103 = 1.22 


NGC 4473 


22 


2.39 


1.67±0.17 


1.06±0.09 


1.92 


55.21 


17/18 = 0.95 


NGC 4494 


22 


1.42 


1.78±0.13 


0.69±0.07 






25.55/27 = 0.95 


NGC 4552 


85 


2.62 


1.36±0.04 


0.16±0.05 


0.44 


36.36 


115.15/89 = 1.29 


NGC 4649 


142 


2.10 


1.70±0.04 


2.52±0.05 


11.06 


22.78 


168.40/99 = 1.70 


NGC 4697 


68 


2.03 


1.66±0.05 


1.54±0.07 


2.16 


71.3 


128.05/107 = 1.19 


NGC 5813 


27 


4.37 


1.84±0.05 


2.02±0.10 






121.70/109 = 1.11 


NGC 5846 


14 


3.97 


1.75±0.22 


0.50±0.06 


23.5 


2.13 


13.16/11 = 0.93 


NGC 5866 


26 


1.38 


1.83±0.14 


0.10±0.07 


0.27 


37.04 


24.53/24 = 1.02 



Note: Col 1. galaxy identification; col 2. No. of sources resolved within D25 region of the galaxy; col 3. 
Galactic hydrogen column density; col 4. power-law photon index V; col 5. cumulative X-ray luminosity of 
all the sources resolved within D25 of the target galaxy; col 6. total (diffuse+resolved) X-ray luminosity; col 
7. - contribution of X-ray binary sources within D25 ; col 8. \ 2 P er degree of freedom and goodness of fit 
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goodness of fit are listed in Table [2] and are consistent with those fitted for the emission from 
LMXBs in 15 early-type galaxies by j3] and for 18 early-type galaxies by Q]. 

4. Discussion and Conclusions 

We have presented the results based on a systematic analysis of the Chandra X-ray ob- 
servations of a heterogeneous sample of 23 dusty early-type galaxies selected from different 
environments. This study has enabled us to resolve a total of 996 discrete sources within 
optical Z?25 region of target galaxies. Some of the galaxies from this sample, e.g. NGC 4278, 
NGC 4365, NGC 4649 etc. are found to host a significantly large number of sources, while 
others host very few. Further exploration revealed that the systems hosting a larger popula- 
tion of XRBs are either field galaxies or belong to the loose groups, whereas those belonging 
to rich groups or clusters host very few sources. 

Intrinsic luminosities of the individual sources are found to lie in the range between 1.14 
x 10 37 erg s _1 to 7.7 x 10 39 erg s _1 , with the higher limit reached by the Ultra Luminous 
X-ray Sources (ULXs) which are very few in number. Out of 996, about 63% have their 
properties similar to the normal LMXBs. About 15-20% of the sources with luminosities of a 
few x 10 37 erg s _1 are either super-soft or very-soft sources or heavily absorbed SNRs and 
are likely to be associated with the star forming regions in the galaxies. Remaining are either 
ULXs, HMXBs or heavily absorbed harder sources. The histogram showing the luminosity 
distribution of the resolved sources is given in Figure [5] and implies that majority of the 
sources have emission characteristics similar to the 1.4M neutron star accreting LMXBs. 
As regard to the contribution of the discrete sources to the total X-ray luminosity of the 
host galaxies, it is found that in some of the galaxies from isolated regions (e.g., NGC 3379) 
the contribution of the XRBs is very high ~81%, while for those from rich clusters (e.g., 
NGC 5846) it is only 2%. With a view to examine the environment dependent nature of the 
XRBs we have plotted the X-ray color-color graph of discrete sources from different galaxies 
in Figure |4l This figure does not show any obvious structural differences in the nature of the 
sources representing different environmental conditions. 

The issue of the origin of LMXBs has been debated ever since their discovery in the Milky- 
Way ([15]). A number of galaxies has been studied to this date with Chandra to understand 
the origin of the LMXBs. Combined optical and X-ray studies of a large sample of galaxies 
have revealed that 20% - 70% of the LMXBs in ETGs are associated with the globular 



clusters (GCs; 4l(, 32], 421 ]. 21] , [39J]). However, a substantial number of LMXBs have also 
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Figure 5: Histogram showing the luminosity distribution of all the 996 resolved sources from the present study. 

been detected in the fields of the early- type galaxies. If all the LMXBs were formed in the 
GCs then regardless of where the LMXBs are distributed, the combined X-ray luminosity 
of all the LMXBs in a galaxy should scale with the number of globular clusters hosted by 



it ( 23]). Therefore, to check their relevance with the GCs we explored a similar correlation 
between the combined X-ray luminosity of the LMXBs detected within a galaxy versus its 
GC specific frequency (Sat; taken from 



12], 28]). The resultant plot showed a very weak 



weak correlation between the two quantities, implying that origin of at least a fraction of 
LMXBs in the dusty-ETGs could be through the evolution of primordial binaries. 

After realizing that a significant number of LMXBs are field sources, we explored their 
correlation with the stellar content of the host galaxies. The D-ETGs being dominated by the 
old, long-lived stellar populations, near-IR luminosities provide a better proxy for the stellar 
mass content of these galaxies. Hence we plotted a correlation between the combined X-ray 
luminosity of the LMXBs in a galaxy with its K s band luminosity (from 2MASS data) which 
is shown in Figure [6] (left panel), giving the best fit slope value equal to 1.34±0.33. The large 
scatter evident in this graph is due to the nature of the X-ray sources and is consistent with 
those studied previously ([J])- As there is growing evidence for ongoing star formation in the 
D-ETGs, we have also checked the correlation between Lxrb and star formation rate (SFR; 
estimated from the IR luminosities, {27]) which is given in Fig. [6] (right panel). 

As merging has been suggested as a key factor for the formation of the dusty early-type 
galaxies ([1]), one expects a relationship between the age of the D-ETGs and the population 
of the LMXBs. [29] have made an attempt to examine the structural differences in the 
nature of populations of LMXBs by comparing the XLFs for a sample of young, post-merger 
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Figure 6: Correlation between the combined X-ray luminosity of the resolved sources within a galaxy versus 
their K s band luminosities (left panel) and star formation rate (SFR, right panel). 

elliptical galaxies with that of the old elliptical galaxies. This analysis has enabled them 
to find a significant difference in the two XLFs particularly at higher X-ray luminosities. 
The XLF for the young elliptical galaxies exhibits a considerably flatter slope at higher 
X-ray luminosities (Lx>5x 10 38 erg s^ 1 ) compared to that of the old sample. This means, 
elliptical galaxies formed recently through the merger like event host relatively larger number 
of luminous LMXBs ([29]). The cumulative XLF plotted in the present study shows a dearth 
of high luminosity XRBs (Fig. [TJ, implying that probably the sample studied here represents 
relatively older candidates. Moreover, 10 galaxies from our sample are overlapping with that 



of 



29J in which we found a larger number of less luminous LMXBs. 
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